
NVT=iT��TEMdE

=7e !3  VOe7yVW 7!3qGVie q!!N7 3!i

yWqeiWVN *!7y�eqiO

]Ys}��� �

V}}j${s�$BtR BP _�BAsA$j$�k stI 7�s�$R�${R $t <�sj�Y _YkR${R

eI$��I Ak qYB8sR  �  B�s,
��I${sj _YkR${R _ZAj$RY$t�� �sI$RBt� G$R{BtR$t� 1(((

Ak

pZ�Y�$� �$jj��

NBR Vjs8BR Ws�$Btsj NsAB�s�B�k

NBR Vjs8BR� W� M�x;x� =� 7� V�

��d yt��BIZ{�$Bt

qY� Y�sj�Y }YkR${$R� {Bt{��t�I b$�Y $t���tsj IBR$8���k Zj�$8s��jk
I�R$��R }�s{�${sj �BBjR �B s}}jk �B �Y� RBjZ�$Bt BP s{�Zsj }�BAj�8R
�t{BZt����I Bt �Y� `BA� qY� ZtI��jk$t� 8��YBIBjB�k 8ZR� A� {BtT
R$I���I %sj$I� AZ� �Y$R $R tB� �Y� RZA`�{� BP �Y$R {Ys}���� qY�
}s��${Zjs� s}}j${s�$Bt BP  sk�R$st R�s�$R�${R �B $t���tsj IBR$8���k
{BtR$I���I Y��� $R I�R{�$A�I $t I��s$j $t �$jj�� ��� sj�>d� 1Hyt �Y$R
{Ys}��� b� b$jj ZR� �-s8}j�R BP $t���tsj IBR$8���k {sR�R P�B8 NBR
Vjs8BR �B I�8BtR��s�� YBb  sk�R$st RBP�bs�� �BBjR {st A� s}T
}j$�I �B ��sjTj$P� $t���tsj IBR$8���k }�BAj�8R� qY�  sk�R$st RBP�T
bs�� }s{,s��  sk�R yy PB� b$tIBbR RkR��8R s%s$jsAj� P�B8 �Y� b�A
R$��bbb�jstj��B%\Ask�R$st $R ZR�I� y� $R sRRZ8�I �Ys� �Y� ��sI��
b$jj Ys%� IBbtjBsI�I �Y$R }s{,s�� stI }�$t��I �Y� 8stZsj I�R{�$AT
$t� �Y� =3 w sk�R$st ZtPBjI$t�D {BI�� yt B�I�� �B ��}�BIZ{� �Y�
Is�s }jB�R RYBbt Y���� �Y� ��sI�� t��IR s {B}k BP �Y� {B88��{$sj
}jB��$t� }s{,s�� !iypyW� sj�YBZ�Y B�Y�� }jB��$t� RBP�bs�� {BZjI
sjRB A� ZR�I �B s{{B8}j$RY �Y� Rs8� �Y$t��

d



3$%� �-s8}j�R s�� {BtR$I���I� qY�R� �-s8}j�R $t%Bj%� �Y� tZT
{j$I�R _ZT1n� stI _ZT1nM� qY� 8��YBI s}}j$�R �JZsjjk b�jj �B stk
�sI$BtZ{j$I�� AZ� s j$A�s�k BP A$B,$t��${ ��R}BtR� PZt{�$BtR 8ZR� A�
s%s$jsAj�� qY�  sk�R yy }s{,s�� $t{jZI�R A$B,$t��${ ��R}BtR� PZt{T
�$BtR PB� _ZT1n�� _ZT1nM� stI V8T1;d� ZR$t� y]i_Tn( 8BI�jR stI
y]i_TE( 8BI�jR� G� A��$t Ak I$R{ZRR$t� �Y� =3n�d {BI��

��1 q<e  VOe7yVW =W3!N*yWp ]!*e =3n�d

qY� }�B��s8R {B8}�$R$t� �Y�  sk�R$st RBP�bs�� }s{,s�� w sk�R yyD
s�� RYBbt I$s��s88s�${sjjk $t 3$�� d� qY� PZt{�$BtR BP �Y�R� }�BT
��s8R s�� RZ88s�$9�I $t qsAj� d� qY� hj�R RYBbt $t 3$�� d s��

qsAj� dU  sk�R$st yt���tsj IBR$8���k _�B��s8R

}�B��s8 PZt{�$Bt

=3 =R�R A$BsRRsk Is�s P�B8 �Y� hj� Z�$t��$t
�B {sj{Zjs�� }BRR$Aj� $t�s,�R stI IBR�R�

*!7e ]sj{Zjs��R s I��s$j�I Y$R�B�k BP bYBj�
ABIk stI B��st IBR�R ZR$t� �Y� $t�s,�
R{�ts�$B {sj{Zjs��I Ak =3�

!iypyW V {B88��{$sjjk s%s$jsAj� }jB��$t�
}�B��s8 ZR�I �B 8s,� s A$BsRRsk Is�s
%��RZR h� }jB� P�B8 �Y� $t�s,� R{�ts�$B
{sj{Zjs��I Ak =3�

I�R{�$A�I $t qsAj� 1�
qY� Z�$t� A$BsRRsk Is�s stI $tPB�8s�$Bt sABZ� $t{$I�t�R $R {BtT

�s$t�I $t �Y� $t}Z� Is�s hj� PB� �Y� =3 {BI�� ts8�I =iyWe�yW� qY�
Is�s hj�R PB� �Y� h%� �-s8}j�R {BtR$I���I Y��� s�� {sjj�I =iyWe�ddd�
=iyWe�111� ��{� qB {sj{Zjs�� PB� s }s��${Zjs� �-s8}j�� {B}k �Ys�
Z�$t� hj� $t�B =iyWe�yW� VtB�Y�� =iyWe�yW hj�� {sjj�I =iyWe�q7q�
{Bt�s$tR Z�$t� A$BsRRsk Is�s AsR�I Bt s }s��${Zjs� $t�s,� R{�ts�$B
wd( t]$ $t�s,� BP {jsRR O d 88 V�V* _ZT1n� Ak $tYsjs�$BtD Bt
s }s��${Zjs� Is�� w1\1M\d��nD ZR$t� �Y� y]i_Tn( A$B,$t��${ 8BI�j�
qY$R R$8Zjs��I Is�s $R ZR�I sR s %sj$Is�$Bt �BBj R$t{� �Y� Is�s {B�T
��R}BtIR �B s ,tBbt $t�s,�� qY$R hj� $R RYBbt $t 3$�� 1� =R$t� �Y$R
hj� sR �Y� =iyWe�yW $t}Z� hj�� �Y� ���8$tsj BZ�}Z� bY�t b� �Zt
�Y� =3 {BI� wAk �k}$t� "=3" s� �Y� {B88stI j$t�D $R RYBbt $t 3$��
n�

1



UFalp.df

alpfacdt.df

names.df

uf.out

ufint.dat

ufint.sum

ufsum.dat

ufsum.sum

DOSE

dose.sum

iym_M.df

iyl_M.df

iys_M.df

iwm_M.df

dose.out

urine.in

uf.in

fit0.txt

fit.txt

urine.txt ORIGIN

uf.opj

uftyp.dat

uftyp.sum

uf0.opj

3$�Z�� dU ]B8}Z��� }�B��s8R �B {s��k BZ� �Y�  sk�R$st R�s�$R�${sj stsjkR$R
BP A$BsRRsk Is�s� RYBbt sR bY$�� AB-�R� �B���Y�� b$�Y $t}Z� stI BZ�}Z� hj�R�
RYBbt sR RYsI�I AB-�R�

n



qsAj� 1U  sk�R$st yt���tsj *BR$8���k _�B��s8 3$j�R

hj� I�R{�$}�$Bt

Z�$t��$t  $BsRRsk Is�s $t}Z� hj��

ZP�$t =3 }s�s8����R $t}Z� hj� wts8�j$R�
PB�8D�

sj}�IP� sj}Ps{I��IP *s�s hj�R I�ht$t� $t�s,� }�BAsA$j$�k }��
Zt$� �$8� PB� tBtT$t{$I�t� ��js��I $t�s,�R�

ts8�R�IP 3$j� I�ht$t� A$B,$t��${ 8BI�jR ZR�I�

$k8 ��IP� $kj ��IP� ���  $B,$t��${ 8BI�j Is�s hj�R PB� sjj 8BI�jR
8�t�$Bt�I $t ts8�R�IP PB� 8�t w �D
B� bB8�t w GD�

ZP�BZ� !Z�}Z� hj� {Bt�s$t$t� �%��k�Y$t� �Ys�
s}}�s�R s� �Y� ���8$tsj bY�t �Ztt$t�
=3�

ZP�k}�Is�� ZP�k}�RZ8 *s�s hj�R {Bt�s$t$t� $t�s,� �k}�
$tPB�8s�$Bt PB� {sj{Zjs��I $t�s,�R�
��{B�IR PB� �s{Y $t�s,� �k}� PB� �s{Y
$t�s,�� qY� �Is� %��R$Bt {Bt�s$tR
$tPB�8s�$Bt PB� �Y� jsR� �$8� =3 bsR
�Zt� qY� �RZ8 %��R$Bt s}}�tIR ��{B�IR�
ZP�k}�Is� $R t��I�I Ak *!7e �B
{sj{Zjs�� I��s$j�I IBR� $tPB�8s�$Bt�

Zht��Is�� Zht��RZ8 *s�s hj�R BP $tPB�8s�$Bt sABZ� {sj{Zjs��I
$t�s,�R� ��{B�IR PB� �s{Y $t�s,��

ZPRZ8�Is�� ZPRZ8�RZ8 *s�s hj�R {Bt�s$t$t� RZ88s�k =3
BZ�}Z� $tPB�8s�$Bt sABZ� sjj $t�s,�R�

ZP�k}�4I� Zht��4I� ZPRZ8�4I 7$t�j� ��{B�I hj�R {Bt�s$t$t� �Y� h�jI
ts8�R PB� �Y� ZP�k}� Zht�� stI ZPRZ8
Is�s hj�R�

Z�$t���-�� h���-�� h�(��-� 3$j�R PB� }jB��$t� Is�s� h�(��-� {Bt�s$tR
�Y� h� sP��� �Y� h�R� $���s�$Bt wtB�8sjjk
tB� ZR�ID�

ZP�B}` !iypyW }�B`�{� hj� sjjBb$t� Bt� 8BZR�
{j${, }jB��$t� BP Is�s� *Bt:� I�j��� �Y�
Is�, ��{�st�j� $t �Y� bB�,RY���� $�:R
$8}B��st� $t sZ�B8s�${sjjk $8}B��$t�
Is�s�

IBR��BZ� 3$j� {Bt�s$t$t� ���8$tsj BZ�}Z� P�B8
}�B��s8 *!7e�

IBR��RZ8 V}}�tI hj� {Bt�s$t$t� *!7e BZ�}Z�
$tPB�8s�$Bt�

;



3$�Z�� 1U  $BsRRsk Is�s $t}Z� hj� PB� {BI� %sj$Is�$Bt {sR��

x



3$�Z�� nU q��8$tsj BZ�}Z� sP��� �Ztt$t� =3 wsjRB s}}�s�R $t hj� =3�!=qD�

E



qY� =3 BZ�}Z� b$jj tBb A� I$R{ZRR�I $t RB8� I��s$j� qY� BZ�}Z�
A��$tR b$�Y s j$R�$t� BP �Y� $t}Z� }s�s8����R� yP RB8� }s�s8����R
Ys%� tB� A��t R}�{$h�I $t �Y� $t}Z� hj� =3�yW� �Y$R RYBbR �Y� I�PsZj�
%sjZ�R ZR�I� V I�R{�$}�$Bt BP $t}Z� }s�s8����R $R �$%�t $t qsAj�R n
stI ;�

�



qsAj� nU =3 $t}Z� }s�s8����R

}s�s8���� I�R{�$}�$Bt

}�BA{ qY� {�$�${sj $t�s,� }�BAsA$j$�k� qY� htsj
$t�s,� R{�ts�$B Btjk $t{jZI�R $t�s,�R
bYBR� }BR���$B� }�BAsA$j$�k �-{��IR
}�BA{�

A%s�I�P *�PsZj� %sjZ� BP A$BjB�${sj\Rs8}j�
{Bjj�{�$Bt %s�$sA$j$�k ZR�I $P �Y� Is�s h�jI
$t �Y� hj� Z�$t��$t $R 9��B B� Ajst,�

A%Ps{ V Ps{�B� s}}j$�I �B sjj A$BjB�${sj\Rs8}j�
{Bjj�{�$Bt %s�$sA$j$�$�R� ZR�I �B $t%�R�$�s��
�Y� �&�{� BP {Yst��R BP �Y$R JZst�$�k�

{BtR���� V jB�${sj %s�$sAj� �Ys� $P ��Z� 8�stR
�Ys� �Y� A$BjB�${sj %s�$sA$j$�k $R
$t{B�}B�s��I $t�B s {BtR�st� Zt{���s$t�k
�B ��}js{� �Y� 8�sRZ��8�t� Zt{���s$t�k
� )

0
�1
E
L w48rD1� bY��� �E $R �Y�

8�sRZ��8�t� Zt{���s$t�k R�stIs�I
I�%$s�$Bt� 48 )A%Ps{ $R �Y� A$BjB�${sj
%s�$sA$j$�k� stI r $R �Y� 8�sRZ��I %sjZ��

}Ps{ V }s�s8���� I�ht$t� �Y� ��js�$%� }�$B�
}�BAsA$j$�k BP �Y� }��P����I A$B,$t��${
8BI�j w�Y� h�R� 8BI�j j$R��I $t �Y� hj�
ts8�R�IPD�

sj}Ps{ V 8Zj�$}j${s�$%� Ps{�B� s}}j$�I Zt$PB�8jk
�B �Y� }s�s8��� 
 $t �Y� }�$B� }�BAsA$j$�k
BP st $t�s,� }�� Zt$� �$8� PB� tBtT$t{$I�t�
$t�s,�R w
w0D $R R}�{$h�I Ak �Y� $t}Z�
hj�R sj}�IP stI sj}Ps{I��IPD�

-8s-t$ qY� 8s-$8Z8 %sjZ� BP $t�s,� ? PB� tBtT
$t{$I�t�T��js��I $t�s,�R $t �Y� �s88s
I$R��$AZ�$Bt 8BI�j wRYBZjI A� js���� �Yst
�Y� js���R� {Bt{�$%sAj� $t�s,�D�

st$ qY� }s�s8���� y $t �Y� �s88s
I$R��$AZ�$Bt Ww?D � ?
�0�d �-}

D
�
?

y

i
ZR�I sR �Y� }�$B� }�BAsA$j$�k I$R��$AZ�$Bt
PB� tBtT$t{$I�t�T��js��I {sR�R�

-{�$� yP -{�$� $R ���s��� �Yst 9��B $� $R �Y�
}s�s8���� ?{�$� I�ht$t� X}BR$�$%�" sR
? k ?{�$�� yP -{�$� $R 9��B� ?{�$� $R 9{Ps{
�$8�R �Y� R�stIs�I I�%$s�$Bt BP �Y�
j$,�j$YBBI PZt{�$Bt PB� 9��B 8�sRZ��I
s8BZt��

98$tPs{ qY� jBb�� j$8$� BP $t����s�$Bt B%��
�Y� }�$B� }�BAsA$j$�k I$R��$AZ�$Bt PB�
tBtT$t{$I�t� R$�Zs�$BtR $R �$%�t Ak
98$tPs{ 
 ?{�$��

M



qsAj� ;U �B�� =3 $t}Z� }s�s8����R

}s�s8���� I�R{�$}�$Bt

Ps{t�� ]B���{�R s }�BAj�8 b$�Y Is�s %sjZ�R �Ys�
s�� 8stk R�stIs�I I�%$s�$BtR t��s�$%��
qY� Zt{���s$t�k R�stIs�I I�%$s�$Bt BP
s Is�s }B$t� $R $t{��sR�I $P �Y� ��RZj� $R
8B�� �Yst Ps{t�� R�stIs�I I�%$s�$BtR
t��s�$%��

t$d V&�{�R }jB��$t� BP Is�s Btjk� yP s }jB�
$R ��JZ$��I �Ys� YsR �Y� 9��B BP �Y� �$8�
%s�$sAj� s� �Y� �$8� BP �Y� t$d�Y $t{$I�t��
R�� t$d �JZsj �B �Y� R�JZ�t{� tZ8A�� BP
�Y� I�R$��I $t{$I�t�� B�Y��b$R� R�� t$d �B
(�

tIh�}j� tZ8A�� BP IskR R�}s�s�$t� {sj{Zjs��I
�-}�{��I %sjZ�R BP Z�$t� �-{���$Bt $t
�Y� }jB� hj�R h���-� stI h�(��-�� 3B�
s RYB�� YsjPTj$P� tZ{j$I� j$,� ��$�$Z8� d
$R ZR�I� 3B� jBt� YsjPTj$P� tZ{j$I�R j$,�
_ZT1n�� n( $R RZ^{$�t��

Ps{$t� qY� $t����s�$BtR B%�� �Y� }�$B� PB� st
$t{$I�t� s�� ��Zt{s��I bY�t �Y� jB�
tB�8sj I�B}R A�jBb Ps{$t� �$8�R $�R
8s-$8Z8 %sjZ��

�}R V }s�s8���� I�ht$t� �Y� tZ8��${sj
s{{Z�s{k BP $t����s�$BtR�

I�PRI qY� I�PsZj� Zt{���s$t�k R�stIs�I
I�%$s�$Bt BP Is�s �B A� ZR�I bY�t �Y$R
h�jI $t �Y� $t}Z� hj� Z�$t��$t $R 9��B B�
Ajst,�

�-8$t qY� 8$t$8Z8 %sjZ� BP �Y� �-}Bt�t�
sjjBb�I $t s IBZAj� }��{$R$Bt tZ8A���
=R�I �B }��%�t� tZ8��${sj ZtI��4BbR�

�}Rj =RZsjjk (�(x� I�ht�R �Y� jBb�� {��I$Aj�
j$8$� BP �Y�  sk�R$st }BR���$B� }�BAsA$j$�k�

�}RZ =RZsjjk (�(x� I�ht�R �Y� Z}}��
{��I$Aj� j$8$� BP �Y�  sk�R$st }BR���$B�
}�BAsA$j$�k�

����Bj qY� ���B� �Bj��st{� $t �Y� I����8$ts�$Bt
BP {��I$Aj� j$8$�R BP �Y� }BR���$B�
}�BAsA$j$�k�

�



W�-� $t �Y� =3 BZ�}Z� j$R�$t� $R s 8�RRs�� R�s�$t� �Ys� �Y� }�$B�
}�BAsA$j$�$�R BP %s�$BZR $t�s,� �k}�R wsR j$R��I $t �Y� WV�e7�*3 hj�D
s�� sjj �JZsj� �-{�}� �Ys� �Y� h�R� $R s Ps{�B� _3V] ���s���� 3BjjBbT
$t� $R s j$R� BP $t{$I�t�R w}B��t�$sj $t�s,� Is��RD� qY�R� {B���R}BtI
�B j$t�R A��$tt$t� b$�Y Xy" $t �Y� Z�$t� Is�s $t}Z� hj� =iyWe�yW�
qY� $t{$I�t� Is�� $R PBjjBb�I Ak Bt� B� 8B�� {Ys�s{���R �Ys� j$8$�
�Y� {YB${� BP }BRR$Aj� A$B,$t��${ 8BI�jR� 3B� �-s8}j� st X$" 8�stR
Btjk $tYsjs�$BtR wA$B,$t��${ 8BI�jR bYBR� ts8�R R�s�� b$�Y X$"D�
Vt X$b" 8�stR Btjk {jsRR G $tYsjs�$BtR wA$B,$t��${ 8BI�jR bYBR�
ts8�R R�s�� b$�Y X$b"D� !�Y�� $tPB�8s�$Bt �Ys� s}}�s�R Bt �Y�
$t{$I�t� j$t� s�� �Y� jB�TtB�8sj 8�I$st s ) jtw8D� �Y� ��B8���${
R�stIs�I I�%$s�$Bt X ) jtwX/D >�Y� 8�st stI R�stIs�I I�%$s�$Bt
BP jtw�D� bY��� � $R �Y� $t}Z� s8BZt�H� stI �Y� }�$B� }�BAsA$jT
$�k �Ys� $t�s,� s8BZt� $R tBt9��B wtB� $t s I�j�s PZt{�$Bt s� 9��BD�
qY� R�s��8�t� sABZ� $t�s,� }�BAsA$j$�k Ps{�B�R 8�stR �Ys� tB j$t�R
A��$tt$t� b$�Y st X}" b��� PBZtI $t �Y� =iyWe�yW $t}Z� hj� �Ys�
bBZjI 8BI$Pk �Y� tBtT$t{$I�t� }�BAsA$j$�k BP st $t�s,� sR s PZt{�$Bt
BP �$8��
qY� PBjjBb$t� j$t�R {Bt�s$t $tPB�8s�$Bt P�B8 �Y� A$B,$t��${ 8BI�j

hj�R w�YBR� j$R��I $t �Y� WV�e7�*3 hj�D� qY� $RB�B}� ts8�� YsjP
j$P�� tZ8A�� BP ABIk B��stR PB� bY${Y IBR�R s�� {sj{Zjs��I� stI
8BR� s&�{��I ABIk B��st� qY� X8s- P�s{�$Btsj I$&���t{�" �$%�R st
$tI${s�$Bt BP $t���}Bjs�$Bt ���B�R $t ZR$t� �Y� A$B,$t��${ 8BI�j Is�s
�sAj�R� yP �Y� �sAj�R s�� R8sjj��� �Y� $t���}Bjs�$Bt ���B�R s�� js�����
W�-� s�� ��8$tI��R �Ys� �Y� h� hj�R 3yq(�q�q� sP��� �Y� h�R� $���T

s�$Bt stI 3yq�q�q� sP��� �Y� jsR� $���s�$Bt� Ys%� A��t b�$���t� qY�
X*s�s b$�Y Rs8� Is�� {B8A$t�I" R�s��8�t� $R s ��8$tI�� �Ys� $P �bB
B� 8B�� A$BsRRsk Is�s Ys%� �Y� Rs8� Is��� �Y� Is�s s�� R�s�$R�${sjjk
{B8A$t�I� qY� j$R��I Is�s s�� �Y� {B8A$t�I ��RZj�st� Is�s� qY�
w}BRR$Ajk {B8A$t�ID A$BsRRsk Is�s s�� �Y�t j$R��I� �$%$t� Is��� 8�sT
RZ��8�t� ��RZj�� 8�sRZ��8�t� Zt{���s$t�k� A$BjB�${sj\Rs8}j� {Bjj�{T
�$Bt %s�$sA$j$�k� Xq" B� X3"� -{�$� � stI h >� k ���70H� bY���� $R �Y�
$t�s,� s8BZt�� qY� %sjZ� Xq" 8�stR st $t{$I�t� B{{Z���I $t �Y�
}��{�I$t� Rs8}j$t� $t���%sj� $t bY${Y {sR� �Y� }B��t�$sj $t�s,� Is��
$R �Y� $t{$I�t� Is��� qY� %sjZ� X3" 8�stR �Y� }B��t�$sj $t�s,� Is��
$R �Y� 8$I}B$t� BP �Y� }��{�I$t� Rs8}j$t� $t���%sj� qY� JZst�$�k
-{�$� I�ht�R X}BR$�$%�" >� k ���70 H sP��� �Y� h�R� $���s�$Bt� qY�
JZst�$�k h >� k ���70H $R �Y� }�$B� }�BAsA$j$�k BP st $t�s,� $t �Y�
}��{�I$t� Rs8}j$t� $t���%sj ZR$t� �Y$R %sjZ� BP -{�$��

d(



qY� sII$�$Btsj $tPB�8s�$Bt $R 8BR�jk R�jP �-}jsts�B�k� qY� Zt$�R
ZR�I PB� �Y� A$BsRRsk 8�sRZ��8�t�R� �Y� $t�s,� s8BZt�� stI �Y�
IBR� s�� �$%�t $t ���8R BP 7y Zt$�R BP  J stI 7%� 3B� �Y� �-s8}j�
RYBbt� �Y� Zt$�R s�� }]$ w(�(n�  JD PB� A$BsRRsk 8�sRZ��8�t�� t]$
wn�  JD PB� $t�s,� s8BZt�� stI ��8 w(�(d 7%D PB� IBR�� qY�R� Zt$�R
s�� R}�{$h�I $t �Y� =iyWe�yW hj��
qY� I$&���t� JZst�$�$�R ��P����I �B sR X]Y$RJ" $t �Y� BZ�}Z� j$R�T

$t� s�� dD X]Y$RJ("� �Y� %sjZ� BP {1 sRRZ8$t� tB $t�s,�� 1D X]Y$RJ"�
�Y� B%��sjj {12{sj{Zjs��I ZR$t� �Y�  sk�R$st }BR���$B� s%��s�� $tT
�s,�wRD �B {sj{Zjs�� �Y� Xh�"� stI nD �Y� X]Y$RJ" j$R��I b$�Y s }s�T
�${Zjs� $t�s,�� bY${Y $R �Y�  sk�R$st }BR���$B� �-}�{�s�$Bt %sjZ� BP
�1b] PB� �Y� AjB{, BP Is�s ZR�I �B I����8$t� �Y� $t�s,�� i�{sjj �Ys�
�1b] � bY��� ] $R �Y� tZ8A�� BP Is�s }B$t�R� RYBZjI A� sABZ� d PB�
s R�s�$R�${sjjk Rs�$RPs{�B�k h� wsRk8�B�${sjjk ��Z� PB� ] �  � AZ�
s ZR�PZj �BZ�Y s}}�B-$8s�$Bt $t stk {sR�D� 78sjj�� �Yst �Ys� $tI$T
{s��R �Ys� �Y� Zt{���s$t�$�R ZR�I PB� �Y� A$BsRRsk 8�sRZ��8�t�R B�
�Y� A$BjB�${sj\Rs8}j� {Bjj�{�$Bt %s�$sA$j$�k s�� �BB js���� stI js����
8�stR �Ys� �Y� Is�s j$�R BZ�R$I� �Y� XZt$%��R�" BP }BRR$Aj� �-}jsT
ts�$BtR {Bt�s$t�I $t �Y� Ps8$jk BP A$B,$t��${ 8BI�jR ZR�I� }BRR$Ajk
A�{sZR� �Y� Is�s $�R�jP s�� PsZj�k�
qY� }�BAsA$j$�k BP �Y� X8BR� }�BAsAj�" 8BI�j �k}� ��P����I �B $t

�Y� BZ�}Z� j$R�$t� $R �Y� 8s-$8Z8 BP �Y�  sk�R$st }BR���$B� }�BAT
sA$j$�k B%�� sjj �Y� 8BI�jR ZR�I �B I�R{�$A� �Y$R Is�s AjB{,� qY�
}�BAsA$j$�k BP st $t�s,� $R �Y�  sk�R$st }BR���$B� }�BAsA$j$�k I$RT
��$AZ�$Bt $t����s��I B%�� sjj $t�s,� s8BZt�R js���� �Yst -{�$�� qY�
�-}�{�s�$Bt %sjZ� BP $t�s,� s8BZt� $R �Y�t �$%�t PBjjBb�I� $t }s��tT
�Y�R$R� b$�Y �Y� jBb�� we_7ND� 8$IIj� wx(0D� stI Z}}�� we_7=D�
{��I$Aj� j$8$�R BP �Y� {Z8Zjs�$%�  sk�R$st }BR���$B� I$R��$AZ�$Bt�
qY� XB��st" IBR� $R �Y� {B88$���I IBR� �JZ$%sj�t� �B �Y� 8BR� sPT
P�{��I ABIk B��st� bY${Y $R sRRZ8�I �B A� �Y� h�R� ABIk B��st PB�
bY${Y IBR�R s�� �$%�t $t �Y� A$B,$t��${ 8BI�j Is�s hj�R�
qY� A$B,$t��${ 8BI�jR ZR�I s�� R}�{$h�I Ak �Y� hj� WV�e7�*3

RYBbt $t 3$�� ;� qY� A$B,$t��${ 8BI�j ts8�R s�� I�ht�I $t �Y$R
hj� stI sRRB{$s��I b$�Y A$B,$t��${ 8BI�j Is�s hj�R� qY� tZ8A��
BP �$8�R $t �Y� $t���}Bjs�$Bt �sAj�R Wqy�e7 $R s�A$��s�k� sj�YBZ�Y
�BB R8sjj s tZ8A�� j�sIR �B js��� $t���}Bjs�$Bt ���B�R� yt B�I�� �B
{sj{Zjs�� {B88$���I IBR�R� �Y� jsR� �$8� %sjZ� RYBZjI A� s� j�sR�
dM1En IskR wx( k�s�RD� y� 8sk t��I �B A� jBt��� �B s{{B88BIs��
%��k jBt� �8}jBk8�t� Y$R�B�$�R B%�� x( k�s�R $t j�t��Y�

dd



3$�Z�� ;U 3$j� R}�{$Pk$t� �Y� A$B,$t��${ 8BI�jR ZR�I�

d1



V }B��$Bt BP �Y� Is�s hj� PB� s }s��${Zjs� A$B,$t��${ 8BI�j wX$k8 �"D
$R sR RYBbt $t 3$�� x� qY��� s�� n(( j$t�R BP Is�s� �$%$t� Z�$t� �-{��T
�$Bt stI IBR� PB� %s�$BZR �$8�R� !tjk �Y� jsR� P�b j$t�R s�� RYBbt�
qY� j$t�R $t{jZI$t� stI sP��� �Y� XPB�8s� PB� sAB%�U" j$t� s�� PB�
IB{Z8�t�s�$Bt Btjk� qY� JZst�$�k Wqy77=e �$%�R �Y� tZ8A�� BP
�$RRZ�R PB� bY${Y IBR�R s�� {sj{Zjs��I� qY� }�B��s8 =3 ZR�R Btjk
�Y� h�R� B��st IBR�� qY� }�B��s8 *!7e ZR�R sjj Wqy77=e B��st
IBR�R �B {sj{Zjs�� I��s$j�I IBR� $tPB�8s�$Bt�
qbB B�Y�� Is�s hj�R I�ht� �Y� }�$B� }�BAsA$j$�k BP st $t�s,� PB�

tBtT$t{$I�t� {sR�R� qY�R� s�� RYBbt $t 3$�� E�
qY� !iypyW }jB� PB� �Y$R �-s8}j� $R RYBbt $t 3$�� �� 3$�� M

RYBbR �Y� Rs8� Is�s Bt s jB�TjB� R{sj�� bY��� �Y� �$8� %s�$sAj� $R
tBb IskR sP��� $t�s,� w$t{$I�t� Is��D BA�s$t�I Ak R���$t� Wyd �JZsj
�B d w�Y� h�R� $t{$I�t� $R ZR�I �B I�ht� �$8� 9��BD $t �Y� $t}Z�
}s�s8���� hj� =3�yW�
3B� �Y$R %sj$Is�$Bt {sR� b� R�� �Ys� �Y�  sk�R$st �-}�{�s�$Bt h�R

�Y� Z�$t� Is�s %��k b�jj� stI �Y� {sj{Zjs��I IBR� w]e*e)(�(1M 7%D
$R JZ$�� {jBR� �B �Y� s{�Zsj %sjZ� w]e*e)(�(1M� 7%D�
G� tBb }�B{��I �B I$R{ZRR$t� s}}j${s�$Bt BP �Y� =3 {BI� �B ��sj

}jZ�Bt$Z8 $t���tsj IBR$8���k }�BAj�8R P�B8 NBR Vjs8BR�

dn



3$�Z�� xU _B��$Bt BP A$B,$t��${ 8BI�j Is�s hj��

d;



3$�Z�� EU *s�s hj�R �Ys� I�ht� �Y� }�$B� }�BAsA$j$�k BP st $t�s,� PB� tBtT$t{$I�t�
{sR�R�

dx



93.0 93.2 93.4 93.6 93.8 94.0

-0.04

-0.02

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(p
C

i/d
)

Year

3$�Z�� �U WB�8sj !iypyW }jB� BP A$BsRRsk Is�s stI Xh�"�

dE



1 10 100

0.01

0.1

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(p
C

i/d
)

Year

3$�Z�� MU NB�TjB�!iypyW }jB� BP A$BsRRsk Is�s stI Xh�" bY�t t$d $R tBt9��B�

d�



��n e�V�_Ne dTW!WTyW]y*eWqTieNVqe* _=T1n� yWT
qV�e *eqe]qe* 3i!� i!=qyWe �!Wyq!iT
yWp

Xyt{$I�t�R" s�� I�ht�I Ak bB�,T}js{� $tI${s�B�R� PB� �-s8}j� s$�
8Bt$�B� sjs�8R� �j�%s��I tBR� Rb$}� ��RZj�R B� Y$�Y �-���tsj {BtT
�s8$ts�$Bt j�%�jR� 3B� }jZ�Bt$Z8� tBtT$t{$I�t� ��js��I $t�s,�R s��
�-���8�jk �s�� wsABZ� d $t d((( A$BsRRsk Rs8}j�R� R�� �$jj�� ���
sj�>1H� AZ� �Y�k IB B{{Z�� Vt �-s8}j� $R RYBbt $t 3$�� �� bY${Y
RYBbR �Y� _=T1n� A$BsRRsk Y$R�B�k P�B8 s NBR Vjs8BR bB�,�� P�B8
d�M; �B d��M� qY� {Z�%� X�-}�{�" $R �Y� �-}�{�s�$Bt %sjZ� BP �Y�
Z�$t� �-{���$Bt {sj{Zjs��I P�B8 �Y�  sk�R$st }BR���$B� }�BAsA$j$�k
I$R��$AZ�$Bt� qY� ]B88$���I e&�{�$%� *BR� eJZ$%sj�t� w]e*eD PB�
�Y� $t�s,� RYBbt $t 3$�� � $R (�dd (�(11 7% w�-}�{��I %sjZ� d7*D �
qY� x0� x(0� stI �x0 j$8$�R BP �Y� }BR���$B� I$R��$AZ�$Bt s�� (�(E��
(�dd� stI (�d; 7%�
qY� A$B,$t��${ 8BI�jR s�� I�sbt P�B8 �Y� y]i_Tn( R�� BP 8BI�jR

sR {sjj�I BZ� $t �Y� WV�e7�*3 hj�� sR YsR A��t I$R{ZRR�I� qY���
$R �Y� B}�$Bt �B ZR� y]i_TE( 8BI�jR sR b�jj� qB R�� Z} A$B,$T
t��${ 8BI�j hj�R PB� s }s��${Zjs� tZ{j$I�� PB� �-s8}j� _ZT1n�� ZR$t�
y]i_E( 8BI�jR �k}� s� �Y� {B88stI j$t�

���IPR ${�}E( }Z1n��

qY� {YB${�R s�� y]i_n(� y]i_E( stI _Z1n�� _Z1nM� stI V81;d�
=R$t� y]i_TE( �s�Y�� �Yst y]i_Tn(� �Y� ��RZj�R s�� {BtR$I��sAjk

I$&���t�� qY� {B8}s�$RBt BP Z�$t� Is�s stI �-}�{�s�$Bt %sjZ� $R
RYBbt $t 3$�� d( ZR$t� y]i_TE( A$B,$t��${ 8BI�jR� qY� ]B88$���I
e&�{�$%� *BR� $R (�(1d � (�((E 7%� b$�Y x0� x(0� stI �x0 {��I$Aj�
j$8$�R BP (�(d�� (�(1(� stI (�(1; 7%�
qY� �-}�{��I %sjZ� $R st s%��s�� B%�� I$&���t� �k}�R BP A$B,$t��${

��R}BtR�� 3B� y]i_Tn(� �Y� 8BR� j$,�jk ��R}BtR� �k}� $R {jsRR O�
js��� }s��${j� R$9� wx 88 V�V*D� 3B� y]i_TE(� �Y� 8BR� }�BAsAj�
��R}BtR� PZt{�$Bt �Z�tR BZ� �B A� �k}� �� js��� }s��${j� R$9� wd( 88
V�V*D� qY$R s{{BZt�R PB� �Y� Ps{�B� BP x I$R{��}st{k $t �Y� IBR��
3B� �$%�t Z�$t� ��RZj�R� y]i_TE( IBR�R PB� �k}� 7 s�� sABZ� s Ps{�B�
BP 1 j�RR �Yst �YBR� P�B8 y]i_Tn( {jsRR O� bY$j� �k}� � w{jsRR GD
IBR�R s�� j�RR �Yst �YBR� P�B8 �k}� 7 w{jsRR OD�
WB�� �Ys� �Y� jBb�� {��I$Aj� j$8$� BP �Y� y]i_Tn( IBR�� (�(E�

7% $R JZ$�� s A$� js���� �Yst �Y� Z}}�� {��I$Aj� j$8$� BP �Y� y]i_T
E( IBR�� (�(1; 7%� qY$R $R A�{sZR� �Y� {sj{Zjs��I Zt{���s$t�$�R IB

dM



82 84 86 88 90 92 94 96 98 100
-2

0

2

4

6

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(m
B

q/
d)

Year

82 84 86 88 90 92 94 96 98 100
-2

0

2

4

6

3$�Z�� �U yt�s,� I���{��I ZR$t� �BZ�$t� 8Bt$�B�$t�� y]i_Tn( A$B,$t��${ 8BI�jR�

d�



82 84 86 88 90 92 94 96 98 100
-2

0

2

4

6

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(m
B

q/
d)

Year

82 84 86 88 90 92 94 96 98 100
-2

0

2

4

6

3$�Z�� d(U yt�s,� I���{��I ZR$t� �BZ�$t� 8Bt$�B�$t�� y]i_TE( A$B,$t��${ 8BIT
�jR�

1(



tB� $t{jZI� st Zt{���s$t�k sRRB{$s��I b$�Y �Y� Ps8$jk BP A$B,$t��${
8BI�jR� qY$R RBZ�{� BP Zt{���s$t�k {BZjI A� �s,�t $t�B s{{BZt�
ZR$t� �Y�  sk�R$st 8��YBI� stI $� bBZjI A� ��sRBtsAj� �B {sj{Zjs��
s }BR���$B� }�BAsA$j$�k BP y]i_Tn( ��js�$%� �B y]i_TE( AsR�I Bt �Y�
�BBIt�RR BP h� BP 8BI�jR b$�Y$t �s{Y Ps8$jk �B �Y� Z�$t� �-{���$Bt
Is�s� V }�$B� }�BAsA$j$�k {BZjI A� ZR�I �B ��js�$%�jk b�$�Y� y]i_T
n( {B8}s��I �B y]i_TE(� qY� {sj{Zjs��I Zt{���s$t�k bBZjI �Y�t
$t%Bj%� st s%��s�� B%�� I$&���t� Ps8$j$�R BP 8BI�jR stI bBZjI A�
R$�t$h{st�jk js�����

��; e�V�_Ne 1TyW]y*eWqTieNVqe* _=T1n� yWqV�e

yt �Y$R d��n {sR� �Y��� b��� Y$�YTj�%�j bB�, }js{� $tI${s�B�R �Ys� st
$t�s,� YsI B{{Z���I� s ]V� sjs�8 stI tBR� Rb$}� ��RZj�R BP nEE
I}8 \ Md; I}8� qY� $tI$%$IZsj YsI A��t $t%Bj%�I $t �bB }��%$BZR
$t{$I�t�R� AZ� bY��Y�� B� tB� �Y�R� $t{$I�t�R YsI ��RZj��I $t $t�s,�R
bsR tB� {B8}j���jk {j�s�� sj�YBZ�Y �Y� $tI$%$IZsj bsR {j�s�jk �-T
{���$t� }jZ�Bt$Z8 P�B8 s }��%$BZR $t�s,� B� $t�s,�R� bY��Y�� B� tB�
�Y�R� b��� $t{$I�t� ��js��I� qY� Is�s stI y]i_Tn( =3 $t���}���sT
�$Bt s�� RYBbt $t 3$�� dd� qY��� s�� �bB $t{$I�t�T��js��I $t�s,�R $t
�Y$R $t���}���s�$Bt BP �Y� Is�s� qY� d��n $t�s,� ��RZj��I $t s ]e*e
BP (�d; 7%� yP b� Rb$�{Y �B y]i_TE( A$B,$t��${ 8BI�jR� �Y� �s�j$��
$t�s,�R s�� tB� $t{$I�t� ��js��I sR RYBbt $t 3$�� d1� qY� �-}�{��I
%sjZ� {Z�%� tBb YsR st $t{��sR�I b$I�Y ��4�{�$t� �Y� Zt{���s$t�k
BP �Y� As{,��BZtI {sZR�I Ak �Y� �s�j$�� $t�s,�R� qY� d��n ]e*
A�{B8�R (�(xd 7%� R�$jj st B%���-}BRZ���
3B� �Y� y]i_TE( $t���}���s�$Bt� �Y� }�BAsA$j$�$�R BP �Y� �Y���

$t�s,�R s�� (�Mx� (�x�E� stI d�((� WB�8sjjk b� bBZjI j$,� �Y� $t�s,�
}�BAsA$j$�$�R �B sjj A� t�s�jk d� stI �Y� (�x�E }�BAsA$j$�k $R jBb� qY�
BIIR �Ys� st $t�s,� s{�Zsjjk B{{Z���I s�� Btjk (�x�E\wd�T(�x�ED )
d�;� �B d� qY� =3 {BI� }s�s8���� _i! ] wR}�{$h�I $t �Y� =3�yW
hj�D I�ht�R �Y� jBb�R� }�BAsA$j$�k sjjBb�I PB� st $t�s,�� yP b� {Yst��
�Y� %sjZ� BP �Y$R }s�s8���� P�B8 (�x� sR $� bsR PB� 3$�� d1� �B (�E�
�Y� ��RZj� RYBbt $t 3$�� dn $R BA�s$t�I� qY��� s�� tBb �bB $t�s,�R�
AB�Y b$�Y }�BAsA$j$�k BP $t�s,� d�((� qY� d��n ]e* $R tBb (�(E1
7%�

1d



80 85 90 95 100
-1

0

1

2

3

4

5

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(m
B

q/
d)

Year

80 85 90 95 100
-1

0

1

2

3

4

5

3$�Z�� ddU yt�s,� ��RZj�$t� P�B8 d��n $t{$I�t�� y]i_Tn( A$B,$t��${ 8BI�jR�

11



80 85 90 95 100
-1

0

1

2

3

4

5

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(m
B

q/
d)

Year

80 85 90 95 100
-1

0

1

2

3

4

5

3$�Z�� d1U yt�s,� ��RZj�$t� P�B8 d��n $t{$I�t�� y]i_TE( A$B,$t��${ 8BI�jR�

1n



80 85 90 95 100
-1

0

1

2

3

4

5

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(m
B

q/
d)

Year

80 85 90 95 100
-1

0

1

2

3

4

5

3$�Z�� dnU yt�s,� ��RZj�$t� P�B8 d��n $t{$I�t�� y]i_TE( A$B,$t��${ 8BI�jR�
j$8$�$t� $t�s,� }�BAsA$j$�k $t{��sR�I �B (�E�

1;



��x e�V�_Ne nT�=Nqy_Ne _=T1nM yWqV�e7

yt �Y$R �-s8}j� �Y��� s�� �Y��� $t�s,�R� tBt� BP �Y�8 $t{$I�t� ��T
js��I� qY� Z�$t� �-{���$Bt Is�s stI y]i_Tn( $t���}���s�$Bt s��
RYBbt $t 3$�� d;� qY� y]i_TE( $t���}���s�$Bt $R RYBbt $t 3$�� dx�
i�8�8A�� �B �k}�

���IPR ${�}n( }Z1nM

�B R�� Z} �Y� A$B,$t��${ 8BI�j hj�R PB� _ZT1nM�qY� ]e*e:R stI
8BR� }�BAsAj� A$B,$t��${ ��R}BtR�R s�� RYBbt $t qsAj� x� WB�� �Ys�

qsAj� xU �Zj�$}j� $t�s,�R $t���}����I ZR$t� y]i_Tn( stI y]i_TE(

y]i_Tn(

$t�s,� k�s� ]e*ew7%D {jsRR V�V*w 8D

d�M( (�d1 O d
d�Md (�dx O x
d�M� (�d1 O x

y]i_TE(

$t�s,� k�s� ]e*w7%D �k}� V�V*w 8D

d�M( (�(x1 7 x
d�Md (�dE 7 d(
d�M� (�(1; � d

AB�Y y]i_Tn( stI y]i_TE( 8BI�jR $I�t�$Pk �Y� Rs8� $t�s,� �$8�RT
s �BBI $tI${s�$Bt� Vj�YBZ�Y �Y� {sj{Zjs��I Zt{���s$t�$�R $t{jZI�
8stk {B8}Bt�t�R� 8$RR$t� $R �Y� Zt{���s$t�k sRRB{$s��I b$�Y �Y�
tBtj$t�s� =3 {BI� I�{$I$t� �B $t���}��� Is�s b$�Y s I$&���t� $t�s,�
R{�ts�$B� $t �&�{� Rsk$t� XtB �Y� $t�s,� IB�Rt:� B{{Z� �Y���� $� B{{Z�R
Y���"� Vt �-s8}j� BP �Y$R YsR A��t sj��sIk R��t $t �-s8}j� 1� V PZjj
R��s$�Y� PB�bs�I  sk�R$st ���s�8�t� BP �Y� $t���tsj IBR$8���k }�BAT
j�8 �s�Y�� �Yst st ZtPBjI$t� ��{Yt$JZ� bBZjI ��8�Ik �Y$R R$�Zs�$Bt�
sR I$R{ZRR�I $t �$jj�� ��� sj�>dH� sj�YBZ�Y $� R��8R }��R�t�jk �B A�
tB� P�sR$Aj� A�{sZR� BP �Y� Y$�Y I$8�tR$Btsj $t����s�$BtR $t%Bj%�I�

��E e�V�_Ne ;T_=T1n� !zeie�_!7=ie*eqe]qe*
3i!� i!=qyWe �!Wyq!iyWp

qY$R {sR� s���s{��I s���t�$Bt ��{�t�jk� qY� Is�s stI y]i_Tn( $t���T
}���s�$Bt s�� RYBbt $t 3$�� dE� qY� h�R� �j�%s��I Z�$t� ��RZj� P�B8

1x



78 80 82 84 86 88 90 92 94 96

0

5

10

15

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(m
B

q/
d)

Year

78 80 82 84 86 88 90 92 94 96

0

5

10

15

3$�Z�� d;U �Zj�$}j� _=T1nM $t�s,�R� y]i_Tn( A$B,$t��${ 8BI�jR�

1E



78 80 82 84 86 88 90 92 94 96

0

5

10

15

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(m
B

q/
d)

Year

78 80 82 84 86 88 90 92 94 96

0

5

10

15

3$�Z�� dxU �Zj�$}j� _=T1nM $t�s,�R� y]i_TE( A$B,$t��${ 8BI�jR�

1�



94 96 98 100
-2.5

0.0

2.5

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(m
B

q/
d)

Year

94 96 98 100
-2.5

0.0

2.5

3$�Z�� dEU _=T1n� B%���-}BRZ�� I���{��I P�B8 �BZ�$t� Z�$t� 8Bt$�B�$t��

1M



*�{�8A�� d��M I$I tB� ��$���� s ��Rs8}j�� R$t{� �Y� $t�s,� }�BAsT
A$j$�k bsR Btjk 1d0� A�jBb �Y� x(0 {Z�B&� WB�8sjjk Y$�Y ��RZj�R
s�� PBjjBb�I Z} Ak ��Rs8}j$t� bY�t �Y� $t�s,� }�BAsA$j$�k �-{��IR
x(0� stI IBR� ��RZj�R s�� ��}B���I bY�t �tBZ�Y Is�s YsR A��t s{T
{Z8Zjs��I �B Ys%� �Y� $t�s,� }�BAsA$j$�k A� t�s�jk d� qsAj� E RYBbR

qsAj� EU _=T1n� B%���-}BRZ�� I���{��I P�B8 �BZ�$t� Z�$t� 8Bt$�B�$t�u
�%BjZ�$Bt BP R�s�$R�${sj ABZtIR Bt IBR� sR 8B�� Is�s $R s{{Z8Zjs��I�

]Bjj�{��I stsjkR$R _�BA BP ]e*ew7%D
Is�� �k}� $t�s,� �-}�{��I x0 x(0 �x 0

d1\dx\d��M iV7 1d 0 (�(1 ( ( (�dE
x\d�\d��� iV7 ME 0 (�(n1 ( (�(dd (�d1
�\11\d��� iV7 ���M0 (�(Ex (�((M (�(xx (�dE
�\11\d��� qy�7 d(( 0 (�(�n (�(d; (�(�� (�d;
dd\�\d��� iV7 d(( 0 (�(Ex (�(d; (�(E� (�d1

�Y� �$8� }�B���RR$Bt BP BZ� ,tBbj�I�� BP �Y$R $t�s,� sP��� �s{Y Is�s
}B$t�� qY� �-}�{��I IBR� stI x0� x(0� stI �x0 {��I$Aj� j$8$�R s��
RYBbt� qY� �j�%s��I Z�$t� ��RZj� bsR BA�s$t�I Ak isI$B{Y�8${sj
Vj}Ys 7}�{��B8���k wiV7D� AZ� $� bsR }��{�I�I Ak s Y$�Y�� R�tT
R$�$%$�k ��RZj� BA�s$t�I Ak qY��8sj yBt$9s�$Bt �sRR 7}�{��B8���k
wqy�7D RB �Y� �$8� BP $t�s,� $R A�s{,���I A��b��t d�TVZ�ZR�Td��M
stI dxT*�{�8A��Td��M� =R$t� y]i_TE(� �Y� ]e* $R (�(1� 7%�
G� tB�� �Ys� Z} Zt�$j tBb �Y� {sj{Zjs��I qy�7 8�sRZ��8�t�

Zt{���s$t�$�R Ys%� A��t RB8�bYs� s�A$��s�$jk $t{��sR�I B%�� �Y�$�

tB8$tsj %sjZ�R ZR$t� �Y� {sj{Zjs�$Bt � �
�
�1 L �1

(� bY��� �( ) dx
  J� }�tI$t� R�ZI$�R BP �Y� I$R��$AZ�$Bt BP Is�s PB� Z�$t� Ajst,R�
G� Ys%� tBb $8}j�8�t��I s RkR��8 BP {Bt�$tZBZRjk ��s{,$t� �Y�
I$R��$AZ�$Bt BP Z�$t� Ajst,R sR s JZsj$�k sRRZ�st{� 8�sRZ��� stI
RZ{Y s {B���{�$Bt bBZjI Ys%� �( $t �Y� �st�� BP 1T;   J�

��� e�V�_Ne xT_=T1nM d��� yWqV�e i=Ne* !=q
 O _iy!i

yt �Y$R {sR� st $tI$%$IZsj bYB YsI YsI s }��%$BZR $t�s,� YsI �bB
�j�%s��I Z�$t� ��RZj�R $t d���� R��8$t� �B $8}jk stB�Y�� $t�s,� $t
d���� <Bb�%�� �Y� $tI$%$IZsj YsI ��stRP����I �B stB�Y�� `BA BZ�R$I�
�Y� }jst� $t d��; stI sR s ��RZj� BP �Y$R ��stRP�� YsI s ���s�jk ��IZ{�I
}�$B� }�BAsA$j$�k BP $t�s,�� qY� y]i_Tn( $t���}���s�$Bt RYBbt $t
3$�� d� YsR s }�$B� }�BAsA$j$�k Ps{�B� BP d\d( s}}j$�I A��$tt$t� dT

1�



75 80 85 90 95 100
-2

0

2

4

6

8

10

12

 udata
 expect

U
rin

e 
ex

cr
et

io
n 

(m
B

q/
d)

Year

75 80 85 90 95 100
-2

0

2

4

6

8

10

12

3$�Z�� d�U _=T1nM $t�s,� $t d��� �Zj�I BZ� Ak }�$B��

n(



FstZs�kTd��;� 7Z{Y s 8BI$h{s�$Bt BP �Y� }�$B� }�BAsA$j$�k BP st
tBtT$t{$I�t�T��js��I $t�s,� $R R}�{$h�I $t �Y� =3 {BI� Ak j$t�R $t
�Y� =iyWe�yW hj� A��$tt$t� b$�Y s X}" wsR $t �Y� =iyWe�xxx hj�D�
G$�Y �Y$R Ps{�B�� �Y��� $R tB d��� $t�s,�� G$�YBZ� $� wB� b$�Y �Y�
$t}Z� j$t� {B88�t��I BZ�D� �Y��� $R s d��� $t�s,� BP (�1; 7%� qY�
Y$�Y�� �Yst tB�8sj �-{���$Bt BP }jZ�Bt$Z8 8sk Ys%� A��t {sZR�I
Ak 8�I${s�$BtR �Y� $tI$%$IZsj bsR �s,$t�� AZ� b� Ys%� tB {j�s�
ZtI��R�stI$t� BP $�R {sZR��

i�P���t{�R

>dH p� �$jj��� G� ]� yt,���� stI <� 3� �s��9� yt���tsj *BR$8���k ytT
�s,� eR�$8s�$Bt =R$t�  sk�R$st ���YBIR� isI$s�$Bt _�B��{�$Bt

*BR$8���k� M1Uxud�� d����

>1H p� �$jj��� G� ]� yt,���� q� q� N$��j�� <� 3� �s��9� stI �� e�
7{Y$jjs{$�  sk�R$st _�$B� _�BAsA$j$�k *$R��$AZ�$BtR PB� yt���tsj
*BR$8���k� isI$s�$Bt _�B��{�$Bt *BR$8���k w�B s}}�s�D� NVT
=iT��Tx1���

nd


